Background/Aim. Acute pancreatitis is an inflammatory condition having the significant mortality rate in the case of severe forms of the disease. The aim of this study was to investigate putative factors of increased mortality in patients with acute pancreatitis with contradictory prior evidence, and to reveal factors that were insufficiently explored previously. Methods. This prospective cohort study with nested case/control design included all adult patients treated for acute pancreatitis in the Clinical Center of Kragujevac, Serbia, during the 3-year period (from October 2011 to December 2014). The cases (n = 19) were patients who died, while the controls (n = 113) were patients who survived. The associations between putative risk factors and the study outcomes were tested by univariate and multivariate logistic regressions, and expressed as crude and adjusted odds ratios (OR) with corresponding 95% confidence intervals (CI). Results. Significant association with the lethal outcome in acute pan-
Introduction
Acute pancreatitis (AP) is an inflammatory condition with various clinical presentations ranging from mild to severe forms of the disease. The dominant pathological substrate of this disease is an acute inflammation which is usually not followed by fibrosis 1 . The incidence of AP all over the world ranges from 5 to 80 cases per 100,000 2 and it is growing, e.g. in the United Kingdom with 2.7% yearly rate. The largest increase in incidence was noted in women younger than 35 , and in men between 35 and 44 years of age 3 . Mortality in acute pancreatitis depends on the severity of the disease, being less than 1% in a mild form and 10-30% in severe forms 4 . Factors previously associated with greater severity of the disease and/or higher mortality rate are: levels of C-reactive protein (CRP), procalcitonin (PCT) and cytokines [interleukin (IL)-8, tumor necrosis factor-alpha (TNF-α), IL-6], acute phase proteins 5 , and acute kidney injury 6 . Among the 27 possible risk factors investigated in one study, arterial pH, acute physiology and chronic health evaluation II (APACHE II) 7 scores, early shock, and multiple organ failures were associated with mortality 8 . Patients with the bedside index of severity in acute pancreatitis (BISAP) 9 and Ranson's 10 scores equal or higher than 3 had a significantly higher likelihood of mortality 11 , as well as early surgery, advanced age, and sterility of tissue cultures 12 . On the other side, lower mortality was observed in patients with: higher values of serum calcium 13 , in those who received fewer antibiotics and less amount of parenteral fluid 14 , then in patients who started early enteral nutrition within the first 72 hours of the onset of symptoms 15 . Despite relatively large number of studies that have examined risk factors for mortality in AP, there are still disagreements in terms of the following factors: use of antibiotic prophylaxis [16] [17] [18] , type of nutritional support and beginning of nutritional support since the onset of symptoms 15 , amount and type of fluids administered for resuscitation 14 , serum level of IL-8 and IL-6 during the first day after onset of symptoms [19] [20] [21] , the accuracy of prognostic scores in predicting severity and/or death in patients with AP 22, 23 , as well as age of a patient 24 . These controversies arise from the heterogeneity of methodological approaches in prior studies that consequently led to inconsistent results [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . The aim of our study was to investigate putative factors of increased mortality in patients with AP contradictory prior evidence and to reveal factors that were insufficiently explored previously.
Methods
This study was of prospective cohort type, with nested case/control design. The cohort was composed of all patients with acute pancreatitis who were admitted to the Intensive Care Unit (ICU) of the Clinical Center Kragujevac Serbia from October 2011 to December 2014, providing that they fulfilled inclusion criteria: all patients with diagnosis of AP based on two of the three following criteria: abdominal pain characteristic of AP, serum amylase and/or lipase ≥ 3 times the upper limit of normal, and characteristic findings of AP on Computed tomography (CT) scan. The exclusion criteria were: patients with acute postoperative pancreatitis, pregnant women with AP, patients transferred from other hospitals or other wards to the ICU of the Clinical Center Kragujevac more than 48 hours after the admission, as well as those under 18 years of age. The cases were patients who died and controls all the other patients who were enrolled in the study.
After admission, the patients signed an informed consent and then were treated according to preferences of the responsible physician. Blood samples for measurements of laboratory parameters were taken within the first 24 hours of admission at our department and on the 3rd day of hospitalization, and then according to the requests of responsible physicians. There were no patients who were diagnosed with AP between 24 and 48 hours after the admission. The following laboratory parameters were measured: glucose, urea, creatinine, bilirubin, aminotransferase, alkaline phosphatase, amylase, lipase, lactate dehydrogenase, total protein, albumin, sodium, potassium, calcium, chloride, CRP, PCT, fibrinogen, bicarbonates, pH levels, base excess, the partial pressure of oxygen and carbon dioxide in the arterial blood, erythrocyte sedimentation rate, hematocrit, erythrocyte, leukocyte and platelet counts, leukocyte formula, triglycerides and cholesterol levels. All measurements except that of cytokines were made in the Central Laboratory of the Clinical Center Kragujevac, by competent specialists of biochemistry, independent from the study investigators. Serum levels of cytokines were measured in the following way: blood was collected following patient enrollment in the study within 24 hours from the onset of pain (1st day of admission) and on the third day of the disease course.
The blood clot was centrifuged for separating the serum and then all serum samples were kept at -20°C before measurement. Serum levels of cytokines TNF-alfa, epidermal growth factor (EGF), IL-6, IL-8, and IL-10 were measured using sensitive enzyme-linked immunosorbent assay (ELISA) kits specific for humans (R&D Systems, Minneapolis, MN) in the Center for Molecular Medicine and Stem Cell Research, the Faculty of Medical Sciences, the University of Kragujevac. We determined serum levels of cytokines using appropriate DuoSets (R&D Systems, Minneapolis, MN, USA): TNF-alfa (TNF-alfa: catalog number DY210; range of detection 15.6-1.000 pg/mL), EGF (EGF: catalog number DY236; range of detection 3.91-250 pg/mL), IL-6 (IL-6: catalog number DY206; range of detection 9.38-600 pg/mL, IL-8 (IL-8: catalog number DY208; range of detection 31.2-2,000 pg/mL) and IL-10 (IL-10: catalog number DY217B; range of detection 31.2-2,000 pg/mL). All samples with the cytokine levels above the range of detection of the assay used were diluted five times by adding phosphate buffer saline (PBS). Any of invasive diagnostic or therapeutic procedure which could affect the serum levels of these cytokines was not performed during the period when they had been measured. These cytokines were chosen given that they were strong mediators of a complex immune response having the crucial role in the pathophysiology of systemic pro-and anti-inflammatory response in AP.
The following demographic and clinical characteristics of the study patients were recorded: age and gender of the patient, body mass index, etiology of AP, alcohol consumption, smoking, prophylactic use of antibiotics, use of nonsteroidal antiinflammatory drugs, use of other drugs, nutrition, artificial ventilation, severity of AP, systemic inflammatory response syndrome (SIRS), multiorgan dysfunction, the values of the vital parameters (blood pressure, heart and respiratory rate, blood oxygen saturation, body temperature), the values of Sepsisrelated Organ Failure Assessment (SOFA) 25 score, APACHE II score, Ranson's score, modified Glasgow score, and BISAP score, evaluation of disease severity based on the findings of computed tomography -Balthazar's 26 score, radiological examinations of the chest, and comorbidities.
In order to define the severity of the disease course in this study, the original 1992 Atlanta classification of AP was used since the study started before the revision of these criteria in 2012 27 . The severity of AP was defined according to criteria referring to the development of organ failure and/or local complications such as acute fluid collections, pancreatic necrosis, or pancreatic abscess, as well as initial Ranson's score 3 or higher or an APACHE II score 8 or higher. Organ failure and systemic complications were diagnosed if they occurred during the first 7 days from the onset of abdominal pain, lasted for more than 48 hours and included at least one of the following: hypovolemic shock (systolic blood pressure < 90 mmHg after fluid replacement), respiratory insufficiency (PaO 2 < 8 kPa), renal failure [blood creatinine level > 177 μmol/mL (2 mg/dL)], disseminated intravascular coagulation, or gastrointestinal bleeding (> 500 mL/24 hours). We used organ failure lasting for more than 48 hours as a strong confounding variable in order to assess the influence of other factors on the observed outcome.
The study was approved by the Ethics Committee of the Clinical Center Kragujevac, on September 1, 2011, (No 01-9024).
Statistics
The data were at first described by descriptive statistics, using measures of central tendency (median), variability (interquartile range, minimum and maximum values) and relative numbers. The significance of differences in values of continuous variables between the study groups was tested by Mann-Whitney test. The significance of difference in categorical variables between the study groups was tested by χ 2 test or Fisher's test (when values in some cells of contingency tables were lower than 5 or zero). The differences were considered significant if the probability of null hypothesis was below 0.05. Associations between putative risk factors and the study outcomes were tested by univariate and multivariate logistic regressions (using the stepwise approach with backward deletion, with removing all variables with p ≥ 0.1), and expressed as crude and adjusted odds ratios. As we focused on various factors with inconsistent relevance according to prior studies or which were insufficiently examined previously, in multivariate logistic regression we also included those which had been found to have an insignificant association with death from AP in univariate analysis. All calculations were performed by the SPSS (Statistical Package for Social Science for Windows) software, version 20.
Results
A total of 132 patients with AP were enrolled in the study, of whom 19 (14.4%) died. Eight (42.1%) of them died within the first two weeks of admission to the ICU. From a total number of patients, 41 (31.1%) developed pancreatic necrosis, and in ten (7.6%) the necrosis was infected. In 22 (16.7%) patients the pancreatic pseudocyst was formed spontaneously. Regarding etiology of AP gallstone was found in 51.4%, alcohol consumption in 25.0%, and other causes in 23.6% of patients. The youngest patient was 23, and the oldest was 86 years old (59.61 ± 14.83). There were 84 (63.6%) men and 48 (36.4%) women. Average body mass index was 27.5 ± 4.5 kg/m 2 which puts our patients in a category of pre-obese. Tables 1 and 2 show baseline characteristics of patients according to demographic and the majority of the examined clinical characteristics and the majority of the examined laboratory parameters. The differences between the cases and controls were significant in terms of age, severity of AP, organ failure, significant comorbidity, pleural effusion or consolidation of lung parenchyma, cardiovascular disease, blood glucose, urea, creatinine, alkaline phosphatase, LDL cholesterol, total proteins, potassium and albumins, as well as in all scores for predicting severity (SOFA, APACHE II, BISAP, Ranson's, Modified Glasgow and Balthazar's) ( Table 3) . Measured levels of cytokines were also associated with fatal outcome (Table 4 ). The greatest differences between the groups were observed in IL-6 value on the first and third day, IL-8 value on the first and third day, and IL-10 value on the first and third day. Values of TNF-α and EGF were not significantly different among those who died and survived. Regarding parameters related to the treatment of patients with AP, Table 5 shows baseline characteristics of cases and controls. It could be seen from Table 5 that there was a significant correlation of certain parameters with the occurrence of fatal outcome, such as: type of solution used for intravenous fluid replacement, type of nutritional support, use of blood and blood derivatives, use of 20% albumin, use of opioid drugs, especially tramadol and/or morphine, and other invasive treatments (drainage, thoracocentesis), as well as the surgical procedure in AP. χBaseline characteristics of the study patients (cases and controls) according to the occurrence of complications are shown in Table 6 . One can see that the occurrence of any of local or systemic complication (such as necrosis of the pancreas and infection of necrosis) was associated with the fatal outcome (p < 0.001). The occurrence of pseudocyst of the pancreas was not higher in patients who died (p = 0.912).
The results of both univariate and multivariate logistic regression analysis (Cox and Snell R 2 0.401, Nagelkerke R 2 0.714, Hosmer-Lemeshow χ 2 1.836, df = 8, p = 0.986, overall model accuracy of 93.7%) presented in Table 7 suggest that the age, use of tramadol and/or morphine, BISAP score, comorbidity and IL-8 values on the third day were significantly associated with the occurrence of death in patients with AP. On the other hand, prophylactic use of antibiotics could have a protective role since it reduces the odds of the fatal outcome for slightly more than 93%. 
Discussion
The mortality rate of AP in our cohort was 14.4% which is mostly in agreement with previously established rates. Some factors that we investigated may have an impact on the disease course or be associated with a fatal outcome such as: advanced age, presence of significant comorbidities, elevated IL-8 values on the third day from onset of symptoms, use of tramadol and/or morphine for pain relief and BISAP score equal or higher than 3 in the first 24 hours.
On the contrary, prophylactic use of antibiotics reduced the risk of death in our study.
The advanced age of a patient with AP can be a significant risk factor for adverse outcomes including death. Murata et al. 28 , showed that patients with the advanced age (≥ 70 years) accompanied with severe comorbidities had an approximately double risk of death 23 . In the study of Kong et al. 29 there were significant differences in age between survivors and deceased patients with the severe AP (49.7 vs 62.8 years of age, respectively). The age difference between survivors and deceased in our study was even greater (60 vs 75 years, respectively). The advanced age is associated with fibrotic changes within the pancreatic tissue, which cause strictures and consequent dilatations of main pancreatic duct 30 ; such abnormalities may contribute to the more severe course of the disease, and ultimately to death.
There is a variety of scoring systems for early detection of the severity of AP. The most commonly used in a daily practice are Ranson's score, APACHE II score, Balthasar CT score 26 and BISAP score 9, 31, 32 . BISAP scoring system in a simple manner can predict the clinical severity of AP within the first 24 hours after admission taking into account the following criteria: blood urea nitrogen > 8.92 mmol/L, impaired mental status, age > 60, ≥ 2 SIRS criteria, the presence of pleural effusion. In a recent study, Yang et al. 33 concluded that BISAP score was not an ideal single method for assessing the severity of AP, because the sensitivity was low. In another study BISAP score was a reliable tool for identification of pa-tients with high risk for adverse outcomes, although sensitivity for mortality was suboptimal 11 . However, both, our study and several other studies showed a strong relation between BISAP ≥ 3 and death of patients with AP [34] [35] [36] [37] . Besides, BISAP score had better predictive power in comparison to Ranson's 10 score in our study, perhaps because it uses higher cut-off value for the age of patients (60 vs 55), as our patients who died were much older than those who survived.
There is widespread controversy about the effects of prophylactic antibiotics in AP. Although some studies did not show beneficial effects of antibiotic prophylaxis 38 , the majority of published data favors the prophylactic use of antibiotics in patients with AP who develop necrosis 39 , since necrotic tissue greatly increases the risk of infection 40 . In our study, even 64% of patients who died had necrosis of pancreatic tissue, while only 63% of patients in this group received antibiotic prophylaxis. Therefore, one of the reasons why some of the patients within this group died could have been a lack of necrotic tissue protection from infection. On the other hand, among the survivors, even 58% of patients received antibiotic prophylaxis, which surely helped to almost 26% of patients with necrosis to avoid infection and death. Rada and Pena 41 confirmed our results showing that prophylactic antibiotics may reduce mortality and length of hospitalization in patients with AP 42 . Surely routine antibiotic prophylaxis in all patients with AP is not justified 43 , but physicians should be alert not to miss cases with necrosis, who definitely will benefit from antibiotic prophylaxis.
Since AP is an inflammatory disease, pro-inflammatory mediators are being released from leukocytes and the neutrophils in the beginning, but also during the disease course. IL-6 is being released from macrophage as a reaction to tissue injury and is responsible for the synthesis of the proteins in the acute phase of the inflammation. In the first 24 hours from the admission, it significantly correlates with the severity of the clinical picture and fatal outcome. Combined with lipase, IL-6 is a good diagnostic marker, and it may predict the outcome of AP. In our study, the most pronounced increase of IL-6 was registered in the first 24 hours from the admission, unlike CRP whose concentration increased later on, between 24 and 48 hours. IL-8, a chemokine which attracts neutrophils to the point of inflammation increases when the patients have a severe form of pancreatitis. When measured in the first 24 hours, IL-8, is a better predictor of the severity and adverse outcomes of AP [19] [20] [21] , as it was shown in our study. Serum concentrations of IL-10, the cytokine which inhibits the release of the pro-inflammatory interleukins from macrophages, were much higher in our patients with AP who died. Pezzilli et al. 44 showed something in the opposite direction: plasma levels of IL-10 were lower in patients with more severe forms of pancreatitis. However, several previous studies in patients with other diseases showed that IL-10 reached higher levels in those who died (e.g. in abdominal sepsis or brain injury) 45, 46 . So far investigations of IL-10 roles in immune response gave diverse results, and effective therapeutic strategies which target this cytokine were not developed in the area of inflammatory diseases 47 . The role of the EFG was so far mostly investigated in animal models in relation to its role in the prevention of intestinal permeability and bacteria translocation 48 , as well as in prevention of septic complications in patients with AP 49 . However, in our study, we did not find a correlation between serum levels of EGF and fatal outcome. Likewise, levels of TNF-alpha, pro-inflammatory cytokine with multitudes of actions (activation of prostaglandin and leukotriene pathways, induction of apoptosis, expression of integrins, promotion of platelet aggregation, etc.) were not different among our patients with AP who died or survived. We are still far away from a complete understanding of immune and inflammatory responses in AP, and further studies focused on causal relationships and mechanisms of action of numerous mediators are necessary 50 . Comorbidity has been recognized as an important factor in patients with AP. In our study from 19 deceased patients, there were 3 (15.8%) without and 16 (84.2%) with comorbidities. Our study showed that patients with significant comorbidities have an increased risk from death compared to patients without. Several recently published studies came to the same conclusion 28, 51, 52 . Comorbidities decrease the capacity of vital organs to compensate for increased needs of tissues induced by inflammation and infection, resulting in lower chances of survival. However, there are some dissonant voices: in a study of Uomo et al. 53 the comorbidity had only the limited influence on the course and outcome of AP and did not correlate with mortality.
Pain is one of the major symptoms of AP. It spreads in a belt-like fashion and patients may experience it as very intensive. In the treatment of AP analgesics have an important role in mitigating stress and decreasing chances of shock. However, choice of analgesics is extremely important. In our study, the patients who received the opioid analgesics for pain relief, especially tramadol and/or morphine, had increased risk of death in comparison to the patients who received some other analgesics. Opioids may lead to spasm of the sphincter of Oddi and decrease the outflow of bile and pancreatic juice, aggravating the course of AP. Not all studies found the harmful effect of opioids in patients with AP, which could be explained by high variability of dosing regimens of opioids among the studies 54, 55 . Our study has several limitations which should be taken into account when interpreting its results. First, the study was uni-centric, which increased the possibility of study site personnel bias. Second, we were not able to measure cytokine levels beyond the third post-admission day, so full profiles of secretion could not have been established. And finally, our study had sufficient, yet modest statistical power, due to relatively small number of available patients with AP. Having regarded the aforementioned, and also the fact that we have only identified the significant association between some factors and mortality, but not independent risk factors for such outcome, this study should be considered as hypothesisgenerating for further interventional investigations dealing with the causality of fatal outcome in AP.
Conclusion
Results of this study suggest that advanced age, the presence of significant comorbidities, the higher IL-8 value on
